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(54) An image processing and manipulation system 



(57) An image processing and manipulation system 
provides a user the opportunity to customize innagcs ex- 
posed on dry process photosensitive film. That is. the 
system of the present invention permits a user to choose 
a particular look that is to be associated with exposed 
images on photosensitive film. The looks can bo. but are 
not limited to, for example, accurate color reprocuction. 
portraiture, brilliant color black and white, etc. There- 
fore, with the system of the present invention, a custom- 
er is presented with the option of choosing a photo- 
graphic appearance and or look that the customer do- 
sires for planned images. In the system and method of 



the present invention, an order based on a photographic 
film selected by the customer and a selected appear- 
ance characteristic is associated with the images ex- 
posed on the film. A code is assigned to at least a sam- 
ple of the selected film and/or the order. At a photofin- 
ishing site (114), the film (132) is developed to produce 
the images captured by the user, and scanned to pro- 
duce a digital record of the captured images. The digital 
record is thereafter digitally processed based on the us- 
er selected appearance characteristic to produce proc- 
essed images that reflect the user selected appearance 
characteristic. 
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Description 

[0001] The present invention relates to a photofinish- 
ing system as well as an image processing and nnanip- 
ulation arrangement which includes digital image 
processing. 

[0002] Conventional photofinlshing systems and or 
arrangements have a long history of attempting to sup- 
ply customers with convenient and simple ways to take 
pictures that serve to record their everyday lives. In the 
conventional approach to picture taking, a customer ex- 
poses images on a roll of film and delivers the roll of film 
to a retailer or photofinishing site for processing. These 
systems require wet processing and can be slow and 
inconvenient for customers to employ either themselves 
or indirectly with the suppon of a photoflnisher The 
processed film is thereafter returned to the customer 
along with prints and such. Normally, the customer does 
not have an opportunity lo choose a desired appearance 
characteristic or look forthe images to be exposed when 
he first purchases the roll of film other than by the ad- 
vertised properties of, or previous experience with a par- 
ticular film brand More specifically, the customer does 
not have an opportunity to choose an appearance char- 
acteristic or look, such as color reproduction , portraitu re, 
brilliant color, black and white, old fashioned sepia 
tones, selected levels of color intensity selected levels 
of contrast, etc., which are to be associated with the ex- 
posed images. Further, the customer does not have the 
opportunity to select and obtain multiple looks of the 
same image or multiple looks for distinct images on the 
same roll. Further these systems require wet process- 
ing and can be slow and inconvenient for customers to 
employ. 

[0003] The present invention provides for a unique im- 
age processing and manipulation system which gives 
the customer an opportunity to choose a particular ap- 
pearance or look for images which he/she exposes on 
a photosensitive film. More specifically, the present in- 
vention provides for a system which enables a picture 
taker to customize the exposed Images on the photo- 
sensitive film, by having a photofinisher offer different 
looks which can be associated with the images. 
[0004] The present invention provides for an Image 
processing method which comprises the steps of creat- 
ing a user order based on a user selected dry process 
photographic film and a user selected appearance char- 
acteristic that is to be associated with at least one image 
exposed on the user selected photographic film, with the 
user selected appearance characteristic being selected 
from a plurality of appearance characteristics; develop- 
ing the user selected photographic film to produce im- 
ages captured by the user; scanning the developed user 
selected photographic film to produce a digital record of 
the captured images; and digitally processing the digital 
record file of the captured images based on the user se- 
lected appearance characteristic to produce processed 
images which reflect the user selected appearance 



characteristic. 

[0005] The present invention further relates to an im- 
aging system which comprises a developing station for 
developing a dry process photographic film to produce 
5 images exposed on the film; a code reader for reading 
a unique code on the photographic film, with the unique 
code comprising information representing a selected 
appearance characteristic which is to be associated with 
the images from the developed photographic film; a 
10 scanner for scanning the developed photographic film 
to provide for a digital record file of the images; and a 
digital Image processor for processing the digital record 
file based on the unique code, so as to produce proc- 
essed images which have been corrected to reflect the 
^5 selected appearance characteristic. 

[0006] The present invention further relates to a meth- 
od of providing image processing services by a photofin- 
isher to a customer which comprises the steps of creat- 
ing a customer order based on an unexposed dry proc- 
20 ess photographic film and an appearance characteristic 
selected by a customer which is to be associated with 
images captured on the selected photographic film, with 
the appearance characteristic being selected by the 
customer from a plurality of appearance characteristics; 
^5 assigning a code representative of at least one of the 
selected unexposed photographic film and the customer 
order; storing the code in a customer database; and sup- 
plying the customer with the selected unexposed pho- 
tographic film. 

30 [0007] In a further feature of the Invention noted 
above, after exposure of the film by the customer and 
return of the exposed dry process film to the photofin- 
isher, the method comprises the further steps of; devel- 
oping the photographic film to produce Images captured 

35 by the customer; scanning the developed photographic 
film to produce a digital record of the captured images; 
reading the code on the photographic film and associ- 
ating the code with the digital record file of the captured 
images; searching the customer database and retriev- 

^0 ing the selected appearance characteristic based on the 
stored code; associating the selected appearance char- 
acteristic with the digital record of the captured images: 
and digitally processing the digital record file of the cap- 
tured images based on the selected appearance char- 

-^•5 acteristic to produce processed Images which reflect the 
selected appearance characteristic. 
[0008] The present invention further relates lo an im- 
aging system which comprises a reader for reading an 
identification associate with a photographic film, with the 

50 identification Identifying the photographic film as com- 
patible with a dry processing; and a developing station 
for developing a dry process photographic film to pro- 
duce images exposed on the film, wherein compatible 
film identified by the reader Is developed at the devel- 

55 oping station. 

[0009] The present invention further relates to an im- 
age processing method which comprises the steps of: 
reading an identification associated with a photographic 
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film, with the identification identifying the photographic 
film as compatible with dry processing; and developing 
the compatible film at a developing station to produce 
images exposed on the film. 

Fig. 1 is a block diagram showing a photofinishing 
system according to the present invention. 
Fig. 2 is a screen print showing the examples of 
looks offered according to the present invention; 
Fig. 3 is a brochure showing the example of looks 
offered according to an alternative embodiment of 
the present invention; 

Fig. 4 is a flow chart showing the digital image- 
processing steps used to generate a digital image 
having a selected look according to the present in- 
vention. 

Fig. 5A is an illustration of a film bearing an optically 
readable region having an id for film type. 
Fig. 5B is an illustration of a film cartridge bearing 
an interogatable microchip having an id for film type. 
Fig. 5C is an illustration of a film bearing a magnet- 
ically readable region having an id for film type. 
Fig. 5D is an illustration of a film cartridge bearing 
an optically readable serial number for identifying 
film type. 

Fig. 6 is a block diagram showing a photofinishing 
system capable of accepting and processing imag- 
es according to the present invention. 
Fig. 7 is a block diagram showing electronic signal 
processing of input image-bearing signals to fonn 
output image-bearing signals that have been mod- 
ified following a customer choice. 

[0010] Referring first to Fig. 1 , in a feature of the in- 
vention, a customer can access a photofinisher's web- 
silc via an electronic communication such as an internet 
service 112, and can place an order for unexposed pho- 
tographic film 102 during an interactive session through 
the customer's own web access device 108. While at 
the wob-site. the customer is presented with sample 
scenes that demonstrate a range of available looks. 
Those possible looks include but are not limited to: ac- 
curate color reproduction, portraiture, brilliant color, 
black and white, old fashioned sepia tones, selected lev- 
els of color intensity, selected levels of contrast, select- 
ed levels of detail reproduction, and selected levels of 
gfHifi or noise The customer is further presented with 
the option of choosing the photographic look that the 
customer desires for the planned images. A unique code 
is assigned to an individual sample of unexposed pho- 
logr.'iphic film and to the order. The code is stored by 
photofintshor 114 in a customer database 120. During 
the course of the transaction, if the customer chooses 
a particular look, that choice is stored along with the 
code in ihe customer database. 

[0011] Photofinisher 114 then supplies the customer 
wilh unexposed film and a mailer 104 for returning the 
film to photofinisher 114 after picture taking. If the cus- 



tomer has chosen a particular look, the mailer can be 
pre-endorsed with the chosen look. After picture taking, 
the customer has the option of changing the requested 
look by marking the mailer before returning both It and 
5 the exposed film to the photofinisher. The exposed film 
1 32 is treated at a dry processor or development station 
116 to produce images, which are then scanned at a 
scanner 118 and rendered into an electronic form suit- 
able for further Image processing. This electronic form 
10 can be analog or digital In character. The assigned code 
is read at code reader 134 and the code associated with 
the electronic fomn of the image. The code is passed to 
the customer database and the identity of the customer 
chosen look is retrieved and associated with the elec- 
ts tronic form of the image. The electronic form of the im- 
age and the requested look is passed to an image proc- 
essor 124 which applies the chosen look corrections to 
the image to form a processed image. The details of ren- 
dering an image according to a look can be stored in a 
20 database of look profiles 122. The image processor 
passes the processed image to printer 1 26 that produc- 
es pictures 1 30 that in turn are returned to the customer. 
Alternatively, the processed images can be returned to 
the customer as a pemianent record, as for example as 
25 a computer disk 1 28, or they can be returned to the cus- 
tomer using the internet and the customer's web access 
device. 

[0012] In another embodiment, the customer may 
purchase both unexposed film and a mailer through oth- 
30 er channels, such as for example, a retail store, and, 
after taking pictures, return both to the photofinisher for 
picture execution. The details of the choices available 
can be included on the mailer. 

[0013] Alternatively, the details of the choices can be 

35 included in a brochure 106 available to customers and 
separately purchased film can be returned for photofin- 
ishing with choices indicated at the point of return. The 
availability of the descriptive and visual choices by way 
of a mailer or a brochure can be especially useful when 

40 the image quality available via the customer's web ac- 
cess device is inadequate for making detailed choices 
between the available options. In this situation the cus- 
tomer has the option of making look choices based on 
the brochure and inputting those choices at the web ac- 

45 cess device. 

[0014] In another embodiment, the customer can re- 
frain from making any choices about the desired look 
and after photofinishing, the customer's images can be 
made available to the customer at the web-site and the 

50 customer can choose to order that individual images 
from a roll be rendered with distinct looks. After the looks 
are chosen, the information is communicated back to 
the photofinisher for completion of order execution. 
[001 5] In a further embodiment, the customer can re- 
55 train from making any choices about the desired look 
and after photofinishing, the customer's images can be 
made available to the customer locally. The customer 
can then choose to order that individual images from a 
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roll be rendered with distinct looks or that a common im- 
age be rendered with multiple looks. After the looks are 
chosen, the information is acted upon at the local pho- 
tofinishing station for completion of order execution. 
[0016] Fig. 2 illustrates a sample screen 201 as avail- 
able to the customer Here an exemplary scene 202 Is 
repeated a multitude of times with variations in scene 
rendering and the customer is prompted to choose the 
rendering 203 most In keeping with the customer's in- 
tent. 

[0017] Fig. 3 illustrates details of brochure 1 06. Here 

the customer is presented with multiple looks or render- 
ings of an exemplary scene 302 and a brief name and 
choice box 304 for each presented look. The customer 
is also presented with detailed descriptions of the looks 
306 and directions for employing the service to obtain 
photographs having a desired look 308. The availability 
of a well printed and controlled brochure can be espe- 
cially useful when making choices about an on screen 
image since as a practical matter monitors may be mis- 
adjusted, worn or otherwise unable to properiy present 
subtle variations In photographic colors and textures. A 
photoflnisher can control the inks employed in printing 
a broch ure or mailer to ensure that these inks adequate- 
ly portray the gamut of available photographic colors. 
Further the image quality of a brochure or a mailer can 
be controlled to represent the variations In sharpness, 
contrast and grain available via this service. 
[0018] Fig. 4 illustrates a flow chart of the digital image 
processing steps used to generate a digital Image hav- 
ing a selected look according to the present invention. 
Here, an electronic image from a scanner with its* asso- 
ciated Identity code is delivered to a module that trans- 
lates 402 the image to a device independent color and 
tone space to produce an intermediate electron ic image. 
The intermediate electronic image, still having an asso- 
ciated identity code, Is modified 404 using a look profile 
accessed from a database of look profiles 1 22 according 
to the customer look choice retrieved by the identity 
code from the customer database 120 so as to fonn a 
second Intemiediate electronic image. This second in- 
termediate image is formed 406 to a processed Image 
suitable for delivery to a storage, display or output de- 
vice. In another embodiment, use of a device Independ- 
ent intermediate space can be avoided by providing a 
series of look profiles, each of which incorporates device 
specific terms as needed. This latter approach can pro- 
vide improved computational speed and is most appro- 
priate when film densities, development process and 
scanner illumination and response is well controlled. 
The look profile can be provided from the database of 
look profiles in the form of a look-up-table, a matrix or 
otherwise, all as known In the art. 

[0019] Fig. 5A illustrates a film cartridge 502 contain- 
ing a film 504 in roll form. The film Is shown partially 
withdrawn from the cartridge The film bears an optically 
readable region 506 having an id for film type. The op- 
tically readable region can be fully readable before film 



development. Fig. 5B illustrates a film cartridge contain- 
ing a film in roll fonn. The cartridge bears an interogat- 
able microchip 508 having an id for film type. Fig. 5C 
illustrates a film cartridge containing a film in roll form. 
5 The film bears a magnetically readable region 510 hav- 
ing an id for film type. Fig. 5D Illustrates a film cartridge 
bearing an optically readable serial number 51 2 for iden- 
tifying film type. In another embodiment, not shown, re- 
gion 512 can be a magnetically readable region. In yet 
10 another embodiment, not shown, region 512 can be a 
plain text identifier. In all cases the identifier can serve 
to both identify the particular film sample for order 
processing and it can serve to identify the thermal 
processing required by the current photothermographic 
15 film. While specific film cartridge configurations are il- 
lustrated In the figure, any art known film cartridge or 
canister can be employed. Additionally the cartridge or 
canister can have a DX code, IX code or mechanical 
interlock, which identifies the contained film as a photo- 
^0 thermographic film. DX codes, IX coding are well known 
In the photographic arts as are mechanical interlocks for 
preventing unintended operations. 
[0020] While any camera speed film can be employed 
in the practice of this invention, the ability to provide rap- 
^5 id and convenient photo processing is greatly facilitated 
by employing a film designed for easy photofinishing. A 
dry process film is such a film, 

[0021] In one embodiment, a dry-process film can be 
characterized as a light sensitive silver halide film hav- 
30 ing an incorporated developer in a binder on a support 
and capable of forming a differentiable machine- reada- 
ble image consisting of a non-diffusible dye by the ap- 
plication of heat. 

[0022] In a second embodiment, a dry-process film 

35 can be characterized as a light sensitive silver halide 
film capable of forming a differentiable machine-reada- 
ble Image consisting of a non-diffusible dye by the ap- 
plication of little to no processing solvent and a laminate 
layer where the dry-process film or the laminate layer 

^0 has an incorporated developer 

[0023] Suitable dry-process films and suitable com- 
ponents are described by Szajewski, et al, U. S. Patent 
6,048,1 1 0, by Ishikawaet al U.S. Patents 5,756,269 and 
5,858,629, by Ishikawa, U. S. Patent 6,022,673, by 

45 KIkuchi, US Patents 5.888,704 and 5,965,332, by 
Okawa. et al US Patent 5,851,749. by Takeuchi, US 
Patent 5,851,745, by Makuta et al, US Patent 
5,871,880, by Mohta, et al, US Patent 5,874,203, by 
Asami et al, U.S. Patent 5,945,264, by Kosugi et al, U. 

50 s. Patent 5,976,771 , and by Ohkawa et al, U.S. Patent 
6,051,359. 

[0024] It is noted that improper processing of a dry 
process film may result in poor to totally destroyed Im- 
ages. Thus, it is beneficial to provide an identification or 
55 an Interiock on a film cartridge or cassette similar to the 
id's shown in Figs. 5A-5D, such that a processor adapt- 
ed to dry process films will only accept films intended 
for dry process. Further, a reader 1000 (Fig. 1) can be 
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provided on a dry processor or developer 1 1 6 that inter- 
rogates presented films for compatibility with dry 
processing. Reader 1000 can be an automated reader 
or a user operated interface that requires a positive user 
action to enable acceptance of a presented film as com- 
patible. 

[0025] It is beneficial for the production of quality im- 
ages that a processor adapted for dry process film ac- 
cepts only films intended for dry-film processing. Ac- 
cordingly, In a preferred embodiment, the processor is 
adapted to identify the film type using the id and to ac- 
cept only films suitable for dry processing in the proces- 
sor. In another embodiment, the cartridge having a dry 
process film carries a human readable indicator to warn 
photo-processors to employ only the appropriate dry 
process. When a dry process film is provided as a film 
plus lens unit, otherwise known as a one-time use cam- 
era (OTUC), then the id or humanly readable indicator 
can be associated with the camera body. 
[0026] In a further aspect, the ability to apply a variety 
of looks to an electronic image derived from a film by 
scanning can be facilitated by employing a film designed 
for scanning. Such a film is called a scan-only film. 
[0027] The film can have long exposure latitude, pref- 
erably at least 3.0 log E, more preferably at least 4.0 log 
E and even more preferably at least 5.0 log E. The long 
latitude facilitates proper capture of scene characteris- 
tics under a variety of lighting conditions. The film can 
have a high sensitivity, preferably having a sensitivity of 
at least ISO 1 00, more preferably having a sensitivity of 
at least ISO 200 and most preferably having a sensitivity 
of at least ISO 400. Sensitivities of up to ISO 3200 or 
even higher are specifically contemplated. The high 
sensitivity further facilitates capture of scene character- 
istics under poor lighting conditions and when the scene 
subject is in motion since the high sensitivity permits the 
use of a fast shutter time on a camera. 
[0028] A scan-only film can be characterized as hav- 
ing one or more of the following properties. The film can 
form a low gamma image after development. The low 
gamma, especially when combined with the long lati- 
tude, ensures that the formed densities are easily 
scanned without the introduction of scanner noise. Im- 
age gammas of up to about 0.7 are preferred, gammas 
of up to about 0.55 are more preferred and image gam- 
mas of up to about 0.45 are even more preferred. The 
film can exhibit a minimal gamma after development 
processing. Image gammas above 0.2 are specifically 
contemplated. Although a black and white film can be 
employed to facilitate some of the features of the inven- 
tion, a color film can best exploit the full features of the 
present invention. When the film is a color film it can 
have individual layer units each sensitive to red, green 
or blue light as described in U.S. Patent 6,021,277 of 
Sowinski et al.. Alternatively, the film can have layer 
units sensitive to white light and to specific subsets of 
white light as described in U.S. Patent 5,962,206, of Ar- 
akawa et al. While the layer units of a scan-only color 
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film can be sensitized using any know color sensitization 
scheme, they are preferably sensitized in a manner that 
approximates the sensitivity of the human eye. A useful 
photopic sensitization scheme is described by Giorgian- 

5 ni, et a!, in U.S. Patent 5,582,961. When the film is a 
color film it can preferably comprise little to no masking 
coupler. In a preferred embodiment each layer unit of a 
color film will comprise less than about 0.02 mmole per 
m^ of masking coupler. Masking coupler is incorporated 

10 in a film intendedforoptical printing and perfomns a color 
correction step during chemical development. Elimina- 
tion of the masking coupler provides for improved sig- 
nal-to-noise characteristics during image capture and 
obviates the need to electronically counteract its effect. 

15 In like manner the film can exhibit low levels of interim- 
age. 

[0029] Light sensitive elements or films useful in the 
practice of this invention can be supplied in standard film 
cartridges or in thrust cartridges or cassettes, all as 

20 known in the art. Thrust cartridges are disclosed by 
Kataoka et al U.S. Patent 5,226,613; by Zander U.S. 
Patent 5,200,777; by Dowling et al U.S. Patent 
5,031 ,852; by Pagano et al, U.S. Patent 5,003,334 and 
by Robertson et al U.S. Patent 4,834,306. These thrust 

25 cartridges can be employed in reloadable cameras de- 
signed specifically to accept them, in cameras fitted with 
an adapter designed to accept such film cassettes or in 
one-time-use cameras designed to accept them. Nar- 
row-bodied one-time-use cameras suitable for employ- 
ee) ing thrust cartridges are described by Tobioka et al U.S. 
Patent 5,692,221. While the film can be mounted in a 
one-time-use camera in any manner known in the art, it 
is especially preferred to mount the film in the one-time- 
use camera such that it is taken up on exposure by a 

35 thrust cartridge. Film supplied In a thrust cartridge can 
be supplied in any convenient width. Widths of about 22 
mm as employed in the Advanced Photo System (APS) 
are contemplated as well as wider formats, such as 35 
mm or even wider. 

40 [0030] With reference to Fig. 6, reference numeral 
644 is a photofinishing unit having a local interactive 
computer input device 638. A customer can provide 
photofinishing unit 644 with an Image in permanent 
form. Specific examples of an Image in pemnanentform 

45 include but are not limited to. an image on an exposed 
and processed film 632; an image in machine readable 
magnetic form 634; an image in human viewable form 
636; and an image in machine readable optical form 
640. Alternatively, the customer can provide the pho- 

50 tof inishing unit with an image In transient form as for ex- 
ample via signals carried on a cable, via transmitted 
electro-magnetic signals and via transmitted optical or 
IR signals. Photofinishing unit 644 has a reader unit 642 
capable of receiving the image presented by the cus- 
55 tomer. In practice, photofinishing unit 644 has several 
reader units each adapted to receiving images from a 
particular pemnanent or transient source. When the im- 
age is presented in analog form, the photofinisher fur- 
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ther has a digitization device, not shown, to convert the 
electronic image to a digital image after reading. The 
photofinisher further has a code reader adapted to re- 
trieving an identifying code from the image source. 
[0031 ] Photofinishing unit 644 of fig. 6 can be modified 
to include a development station as illustrated In fig. 1. 
In this embodiment, the photofinishing unit 644 can then 
serve as a free standing kiosk or a home, store or office 
unit with optional Internet connectivity. In this situation 
the customer can provide his own photofinishing. A spe- 
cific apparatus suitable for such photofinishing is de- 
scribed by SzajewskI et al in U. S. Patent 6,048,110, by 
Sloebe et al in U.S. Patent 6,062,746. This photofinish- 
ing apparatus can be adapted for hardwire connectivity 
to a computer or for wireless connectivity as known in 
the an. In this embodiment, the software for providing 
the digital portion of photofinishing may be supplied to 
the local computer in any manner known in the art, and 
the iniermedlacy of an internet or other remote connec- 
tivity can be avoided. This embodiment is preferred for 
those situations where convenient and highly dispersed 
photofinishing is desired. 

[0032] The customer is presented with the opportunity 
to choose the desired image "look" for his/her Images. 
The possible choices can be presented to the customer 
in hard copy form, as for example in the form of a poster 
or brochure 1 06. Alternatively, the possible choices can 
bo presented to the customer in soft copy form via the 
local Interactive computer input device 638. The cus- 
tonner "look" choices are recorded in the customer da- 
tabase 120 along with the identifying code for the image. 
If an image does not yet have an identifying code, a code 
is assigned, recorded and associated with the customer 
m the customer database. The code is also associated 
with the digital image. The digital image processor 124 
reccjves the digital image, queries the customer data- 
base 120 for instructions as to the customer's chosen 
"look' for each image, queries the database of "look" 
profiles for instructions as to how to transfomnthe digital 
imago to provide the desired "look" and then transforms 
the digital image to a second digital image capable of 
providing the desired "look" on output. The second dig- 
ital image is provided to a printer 126 to make pictures 
130 tor the customer. 

[0033] In other embodiments, the second digital im- 
ago IS provided to the customer as a machine readable 
optical disc 128. on machine readable magnetic media, 
not shown, transmitted to the customer's soft display 
108 via the internet 112 or otherwise provided to the cus- 
tomer In any manner known In the art. In one embodi- 
ment, the photofinisher 644 is a stand-alone kiosk. In 
another embodiment, the photofinisher is an attended 
and customer operated station. In yet another embodi- 
ment, the photofinisher Is located remotely from the cus- 
tomer and images and directions are left at a remote 
station. In yet another embodiment, the customer can 
provide the photofinisher with images in transient form, 
as for example from his local computer via the internet 



and provide image "look" choices. The processed imag- 
es can be returned to the customer In permanent form 
as described earlier, or returned to the customer in tran- 
sient form, as for example, via the internet. 
5 [0034] Once distinguishable color records have been 
formed in the processed photographic elements, con- 
ventional techniques can be employed for retrieving the 
image information for each color record and manipulat- 
ing the record for subsequent creation of a color bal- 
anced viewable image. For example, it Is possible to 
scan the photographic element successively within the 
blue, green, and red regions of the spectrum or to incor- 
porate blue, green, and red light within a single scan ning 
beam that is divided and passed through blue, green, 
'5 and red filters to fonn separate scanning beams for each 
color record. If other colors are imagewise present in the 
element, then appropriately colored light beams are em- 
ployed. A simple technique Is to scan the photographic 
element point-by-point along a series of laterally offset 
20 parallel scan paths. A sensor that converts radiation re- 
ceived into an electrical signal notes the intensity of light 
passing through the element at a scanning point. Most 
generally this electronic signal Is further manipulated to 
form a useful electronic record of the image. For exam- 
25 pie, the electrical signal can be passed through an an- 
alog-to-digital converter and sent to a digital computer 
together with location information required for pixel 
(point) location within the image. In another embodi- 
ment, this electronic signal is encoded with colorlmetric 
30 or tonal infonnatlon to form an electronic record that is 
suitable to allow reconstruction of the image into view- 
able forms such as computer monitor displayed Images, 
television Images, printed images, and so forth. 
[0035] One of the challenges encountered in produc- 
35 ing Images from information extracted by scanning is 
that the number of pixels of information available for 
viewing is only a fraction of that available from a com- 
parable classical photographic print. It is, therefore, 
even more important in scan imaging to maximize the 
'^0 quality of the image information available. Enhancing 
image sharpness and minimizing the impact of aberrant 
pixel signals (I.e., noise) are common approaches to en- 
hancing image quality. A conventional technique for 
minimizing the impact of aberrant pixel signals is to ad- 
^5 just each pixel density reading to a weighted average 
value by factoring In readings from adjacent pixels, clos- 
er adjacent pixels being weighted more heavily. 
[0036] The elements of the invention can have density 
calibration patches derived from one or more patch ar- 
50 eas on a portion of unexposed photographic recording 
material that was subjected to reference exposures, as 
described by Wheeler et al US Patent 5,649,260, Koeng 
at al US Patent 5,563,717, and by Cosgrove et al US 
Patent 5,644,647. 
55 [0037] Illustrative systems of scan signal manipula- 
tion, including techniques for maximizing the quality of 
image records, are disclosed by Bayer U.S. Patent 
4,553,156; Urabe et al U.S. Patent 4.591 ,923; Sasaki et 
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al U.S. Patent 4,631,578; Alkofer U.S. Patent 
4.654,722; Yamada et al U.S. Patent 4,670,793; Klees 
U.S. Patents 4,694,342 and 4,962,542; Powell U.S. Pat- 
ent 4,805,031 ; Mayne et al U.S. Patent 4,829,370; Ab- 
dulwahab U.S. Patent 4,839,721 ; Matsunawa et al U.S. 
Patents 4,841 ,361 and 4,937.662; Mizukoshi et al U.S. 
Patent 4,891 ,713; PetilliU.S. Patent 4,91 2,569; Sullivan 
et al U.S. Patents 4,920,501 and 5,070,413; Kimoto et 
al U.S. Patent 4,929,979; Hirosawa et al U.S. Patent 
4.972,256; Kaplan U.S. Patent 4,977.521; Sakai U.S. 
Patent 4,979,027; Ng U.S. Patent 5,003,494; Katayanna 
et al U.S. Patent 5,008,950; Kinnura et at U.S. Patent 
5,065,255; Osamu et al U.S. Patent 5.051,842; Lee et 
al U.S. Patent 5.012,333; Bowers et al U.S. Patent 
5,107,346; Telle U.S. Patent 5,105.266; MacDonald et 
al U.S. Patent 5,105,469; and Kwon et al U.S. Patent 
5,081,692. Techniques for color balance adjustments 
during scanning are disclosed by Moore et al U.S. Pat- 
ent 5,049,984 and Davis U.S. Patent 5.541 ,645. 
[0038] The digital color records once acquired are in 
most instances adjusted to produce a pleasingly color 
balanced image for viewing and to preserve the color 
fidelity of the image bearing signals through various 
transformations or renderings for outputting, either on a 
video monitor or when printed as a conventional color 
print. Techniques for transforming image-bearing sig- 
nals after scanning are disclosed by Giorgianni et al. U. 
S. 5,267,030, Buhr et al. U S 5,528,339, Higgins et al. 
U.S. 5,835,627 and Cottrell et al. U.S. 5,694,484, and 
Arakawa. et al, U.S. 5,962,205 the disclosures of which 
are incorporated by reference. Further Illustrations of 
the capability of those skilled in the art to manage color 
digital image infomnation are provided by Giorgianni and 
Madden Digital Color Management, Addison-Wesley, 
1998. The signal transformation techniques disclosed 
are further modified so as to deliver an image that incor- 
porates the look selected by a customer. 
[0039] An image scanner 118 is used to scan an im- 
agewise exposed and photographically processed color 
negative element delivered from developing station 1 1 6. 
As the element is scanned pixel-by-pixel using an array 
detector such as an array charge-coupled device 
(CCD), or line-by-line using a linear array detector, such 
as a linear array CCD, a sequence of R, G, and B picture 
element signals are generated that can be correlated 
with spatial location information provided from the scan- 
ner. Signal intensity and location infomnation is fed to 
Digital Image Processor 124, and the information is 
transformed into an electronic form R', G', and B' em- 
bodying the customer look preference, which can be 
stored in any convenient storage device or otherwise 
delivered to the customer by any convenient method. In 
one embodiment, it is specifically contemplated to scan 
a developed image to red, green and blue light to re- 
trieve imagewise recorded information and to scan the 
same image to infrared light for the purpose of recording 
the location of non-image imperfections. When such an 
imperfection or "noise" scan is employed, the signals 



corresponding to the imperfection can be employed to 
provide a software correction so as to render the imper- 
fections less noticeable or totally non-noticeable in soft 
or hard copy fomn. The hardware, software and tech- 
5 nique for achieving this type of imperfection reduction is 
described by Edgar in U.S. Patent 5.266,805 and by 
Edgar et al. in WO 98/31142. WO 98/34397, WO 
99/40729, WO 99/42954 all deriving priority from United 
States Patent Applications. Further the developed Im- 
10 age can be scanned multiple times by a combination of 
transmission and reflection scans, optionally In the in- 
frared and the resultant files combined to produce a sin- 
gle file representative of the initial image. Such a proce- 
dure is described by Edgar in U.S. Patents 5,465,155; 
75 5,51 9,51 0; 5,790,277 and 5,988,895 and by Edgar et al. 
in WO 98/25399; WO 99/43148 and WO 99/43149. 
[0040] A video monitor of computer 638, that receives 
the digital image infomnation modified for its require- 
ments, allows viewing of the image information received 
20 from the digital image processor. Instead of relying on 
a cathode ray tube of a video monitor a liquid crystal 
display panel or any other convenient electronic image 
viewing device can be substituted. The video monitor 
typically relies upon a picture control apparatus that can 
25 include a keyboard and cursor, enabling the workstation 
user to provide image manipulation commands for mod- 
ifying the video image displayed and any image to be 
recreated from the digital image infonnation 
[0041 ] Any modifications of the image can be viewed 
30 as they are being introduced on the video display 638 
and stored. The modified image information R', G', and 
B' can be sent to an output device to produce a recre- 
ated image for viewing. The output device can be any 
convenient conventional element writer, such as a ther- 
35 mal dye transfer ink-jet, electrostatic, electrophoto- 
graphic, or other type of printer The output device can 
be used to control the exposure of a conventional silver 
halide color paper The output device creates an output 
medium that bears the recreated image for viewing. It is 
40 the image in the output medium that is ultimately viewed 
and judged by the end user for noise (granularity), 
sharpness, contrast, and color balance. The image on 
a video display may also ultimately be viewed and 
judged by the end userfor noise, sharpness, tone scale, 
45 color balance, and color reproduction, as in the case of 
images transmitted between parties on the World Wide 
Web of the Internet computer network. 
[0042] Figure 7 illustrates a specific embodiment of 
the electronic signal processing of input image-bearing 
50 signals to fomi output image-bearing signals that have 
been modified following a customer choice of look. The 
mathematical operations required to transform R, G, 
and B image-bearing signals to the intermediary data 
may consist of a sequence of matrix operations and 
55 look-up tables (LUT's). 

[0043] Referring to Fig. 7 input image-bearing signals 
R, G, and B are transformed to intermediary data values 
corresponding to the R*, G'. and B' output Image-bearing 
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signals required to appropriately reproduce the color im- 
age on the reference output device as follows: 

Step (1) The R, and B image-bearing signals, 
which correspond to the measured transmittances 
of the film, are converted to corresponding densities 
in the computer used to receive and store the sig- 
nals from a film scanner by means of 1 -dimensional 
look-up table LUT 1 . 

Step (2) The densities from step (1) are then trans- 
formed using matrix I derived from a transform ap- 
paratus to create intennediary image-bearing sig- 
nals. 

Step (3) The densities of step (2) are optionally 
modified with a 1 -dimensional look-up table LUT 2 
derived such that the neutral scale densities of the 
input film are transformed to the neutral scale den- 
sities of the reference. 

Step (4) The adjusted density signals of step (3) are 
transformed through a 1 -dimensional look-up table 
(LUT 3) to create corresponding RV G', and B' out- 
put image-bearing signals for the reference output 
device. The R\ G' and B' output image-bearing sig- 
nals for the reference device can be stored at this 
step. This storage is especially useful in case the 
customer later chooses to request a different look 
for the image o r has req uested that the same image 
be supplied with multiple looks. The intermediate 
stored image can be readily retrieved and trans- 
formed to a new final image without the necessity 
of repeating steps 1 through 4. This can provide a 
saving in computational power and provide a ben- 
efit in increased tum-around time for Image fomia- 
tion. The R', G* and B' values for the intermediate 
image can be stored at the photofinisher or deliv- 
ered to the customer as a digital file for later use. 
Step (5) The densities of step (4) are transfonned 
through a 1-dimensionsal look-up table LUT 4 to 
create corresponding R", G", and B" output image 
bearing signals for a reference output device that 
are modified to provide the customer selected ap- 
pearance or "look." Each loadable LUT 4 corre- 
sponds to a particular "look" profile from the set of 
available "look" profiles. The loading of a particular 
LUT 4 is based on the customer choice of "look" as 
identified by the code associated with each image 
or roll of images. Each loadable LUT 4 Is in turn pre- 
constructed to provide an output that delivers the 
customer selected appearance or "look". By way of 
example, when the customer has selected 
a "brilliant color" look, the values in the associated 
LUT 4 are designed so as to intensify the chroma 
of the reproduced colors without modifying the hue 
of those colors. It is preferred that code values for 
hues corresponding to Important memory colors 
such a human flesh be little changed on such a 
transformation. For this reason LUT 4 is likely to 
have distinctly non-linear effect on chroma. Con- 



versely, when the customer has selected an "old 
fashion sepia" look, the values In the associated 
LUT 4 are chosen to so as to collapse the hues and 
chromas associated with each code value while 
maintaining tonal values. 

[0044] It will be understood that individual look-up ta- 
bles are typically provided for each input color. In one 
embodiment, three 1 -dimensional look-up tables can be 
10 employed, one for each of a red, green, and blue color 
record. In another embodiment, a multi-dimensional 
look-up table can be employed as described by D'Errico 
at U. S. 4,941 ,039. It will be appreciated that the output 
image-bearing signals for the reference output device 
IS of step 5 above may be in the form of device-specific 
code values or the output image-bearing signals may 
require further adjustment to become device specific 
code values. Such adjustment may be accomplished by 
further matrix transformation or 1 -dimensional look-up 
^0 table transformation, or a combination of such transfor- 
mations to properly prepare the output image-bearing 
signals forany of the steps of transmitting, storing, print- 
ing, or displaying them using the specified device. 
[0045] In a variation, the R, G, and B image-bearing 
^5 signals from a transmission scanner are converted to 
an Image manipulation and/or storage metric which cor- 
responds to a measurement or description of a single 
reference image-recording device and/or medium and 
in which the metric values for all input media correspond 
30 to the trichromatic values which would have been 
formed by the reference device or medium had it cap- 
tured the original scene under the same conditions un- 
der which the input media captured that scene. For ex- 
ample, if the reference image recording medium was 
35 chosen to be a specific color negative film, and the in- 
termediary image data metric was chosen to be the 
measured RGB densities of that reference film, then for 
an input color negative film according to the invention, 
the R, G, and B image-bearing signals from a scanner 
^0 would be transfonned to the R', G', and B' density values 
corresponding to those of an image which would have 
been formed by the reference color negative film had it 
been exposed under the same conditions under which 
the color negative recording material according to the 
^5 Invention was exposed. 

[0046] In another variation, If the reference image re- 
cording medium was chosen to be a specific color neg- 
ative film, and the intennediary image data metric was 
chosen to be the predetermined R', G', and B' interme- 
nt? diary densities of step 2 of that reference film, then for 
an input color negative film according to the invention, 
the R, G, and B image-bearing signals from a scanner 
would be transformed to the R', G', and B' intermediary 
density values corresponding to those of an image 
55 which would have been fonned by the reference color 
negative film had it been exposed under the same con- 
ditions under which the color negative recording mate- 
rial according to the invention was exposed. 
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[0047] Thus each input film calibrated to be compati- 
ble with the present method would yield, insofar as pos- 
sible, identical intermediary data values corresponding 
to the R'. G', and B' code values required to appropri- 
ately reproduce the color image which would have been 
formed by the reference color negative film on the ref- 
erence output device. Uncallbrated films may also be 
used with transformations derived for similar types of 
films, and the results would be similar to those de- 
scribed. 

[0048] The mathematical operations required to 
transform R, G, and B image-bearing signals to the In- 
termediary data metric of this preferred embodiment 
may consist of a sequence of matrix operations and 1 -di- 
mensional LUTs. Three tables are typically provided for 
the three input colors. It Is appreciated that such trans- 
formations can also be accomplished in other embodi- 
ments by employing a single mathematical operation or 
a combination of mathematical operations in the com- 
putational steps produced by the host computer includ- 
ing, but not limited to, matrix algebra, algebraic expres- 
sions dependent on one or more of the image-bearing 
signals, and n-dimensional LUTs. In one embodiment, 
matrix 1 of step 2 is a 3x3 matrix. In a more preferred 
embodiment, matrix 1 of step 2 is a 3x10 matrix. In a 
preferred embodiment, the 1 -dimensional LUT 4 in step 
5 transforms the intermediary image-bearing signals ac- 
cording to a color photographic paper characteristic 
curve, thereby reproducing normal color print image 
tone scale. In another preferred embodiment, LUT 4 of 
step 5 transforms the intermediary image-bearing sig- 
nals according to a modified viewing tone scale that is 
more pleasing when viewed on a soft display device. 
[0049] Due to the complexity of these transforma- 
tions, it should be noted that the transformation from R, 
and B to R\ G\ and B' may often be better accom- 
plished by a 3-dimensional LUT. Such 3-dimensional 
LUTs may be developed according to the teachings J. 
D'Errico in U.S. Patent 4,941 ,039. 
[0050] It Is to be appreciated that while the images are 
in electronic form, the image processing is not limited to 
the specific manipulations described above. Other use- 
ful image manipulation sequences are described by 
Buhr et al in EP 0.961,482, EP 0,961.483, EP 
0,961 ,484, EP 0,961 ,485, and EP 0,961 ,486. While the 
image is in this form, additional image manipulation may 
be used including, but not limited to, scene balance al- 
gorithms (to determine corrections for density and color 
balance based on the densities of one or more areas 
within the processed film), tone scale manipulations to 
amplify film underexposure gamma as described by 
Goodwin ct al in U. S. 5,1 34,573, non-adaptive or adap- 
tive sharpening via convolution or unsharp masking, 
red-eye reduction^ and non-adaptive or adaptive grain- 
suppression. Moreover the image may be artistically 
manipulated, zoomed, cropped, and combined with ad- 
ditional images or other manipulations known In the art. 
Once the image has been corrected and any additional 



image processing and manipulation has occurred, the 
Image may be electronically transmitted to a remote lo- 
cation or locally written to a variety of output devices 
including, but not limited to, silver halide film or paper 
5 writers, themnal printers, electrophotographic printers, 
ink-jet printers, display monitors, CD disks, optical and 
magnetic electronic signal storage devices, and other 
types of storage and display devices as known in the art. 



Claims 

1 . An image processing method comprising the steps 
of: 

15 

creating a user order based on a user selected 
dry process photographic film and a user se- 
lected appearance characteristic that is to be 
associated with al least one image exposed on 
20 the user selected photographic film, said user 

selected appearance characteristic being se- 
lected from a plurality of appearance character- 
istics; 

developing (116) the user selected photograph- 
25 ic film to produce images captured by the user, 

scanning (118) the developed user selected 
photographic film to produce a digital record of 
the captured Images; and 
digitally processing (124) the digital record file 
30 of the captured images based on the user se- 

lected appearance characteristic to produce 
processed images which reflect the user select- 
ed appearance characteristic. 

35 2. A method according to claim 1 , wherein the appear- 
ance characteristics are at least one of a color re- 
production, a portraiture, a brilliant color appear- 
ance, a black and white print, sepia tones, a color 
intensity, a contrast level, a grain level and a noise 

40 level. 

3. An Imaging system comprising: 

a developing station (116) for developing a dry 
45 process photographic film to produce images 

exposed on the film; 

a code reader (134) for reading a unique code 
on said photographic film, said unique code en- 
abling an association of a selected appearance 
50 characteristic with the images from said devel- 

oped photographic film; 

a scanner (118) for scanning said developed 
photographic film to provide for a digital record 
file of said images; and 
55 a digital image processor (124) for processing 

the digital record file based on said unique 
code, so as to produce processed images 
which have been corrected to reflect the select- 
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ed appearance characteristic. 

A system according to claim 3, wherein the appear- 
ance characteristic is at least one of a specific color 
reproduction forthe images, a portraiture, a brilliant 5 
color appearance, a black and white print of the im- 
age, sepia tones, a color intensity, a contrast level, 
a grain level and a noise level. 

A method of providing image processing services io 
by a photofinisher to a customer, the method com- 
prising the steps of: 

creating a customer order based on an unex- 
posed dry process photographic film and an ap- i5 
pearance characteristic selected by a customer 
which is to be associated with images captured 
on the selected photographic film, said appear- 
ance characteristic being selected by the cus- 
tomer from a plurality of appearance character- 
i sties; 

assigning a code representative of at least one 
of said selected unexposed photographic film 
and said customer order; 

storing the code in a customer database (1 20); ^5 
and 

supplying the customer with the selected unex- 
posed photographic film. 

A method according to claim 5, wherein after expo- 30 
sure of the film by the customer and return of the 
exposed film to the photofinisher, the method com- 
prises the further steps of: 

developing the photographic film to produce im- 35 
ages captured by the customer; 
scanning the developed photographic film to 
produce a digital record of the captured images; 
reading the code on the photographic film and 
associating the code with the digital record file 40 
of the captured images; 

searching said customer database and retriev- 
ing the selected appearance characteristic 
based on the stored code; 

associating the selected appearance charac- 45 
teristic with the digital record of the captured im- 
ages; and 

digitally processing the digital record file of the 
captured images based on the selected ap- 
pearance characteristic to produce processed so 
images which reflect the selected appearance 
characteristic. 

A method according to claim 6, wherein said step 
of supplying the customer with the selected photo- 55 
graphic film comprises the further step of supplying 
the customer with a mailer to permit the customer 
to return the selected photographic film. 



8. An imaging system comprising: 

a reader (134) for reading an identification as- 
sociate with a photographic film, said identifica- 
tion identifying said photographic film as com- 
patible with a dry processing; and 
a developing station (116) for developing a dry 
process photographic film to produce images 
exposed on the film, wherein compatible film 
identified by said reader is developed at said 
developing station. 

9. An image processing method comprising the steps 
of: 

reading an identification associated with a pho- 
tographic film, said identification identifying 
said photographic film as compatible with dry 

processing; and 

developing the compatible film at a developing 
station to produce images exposed on the film. 
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